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ABSTRACT

Purpose/Background: Hamstring injuries are common at all levels of sport, however recurrence rates are
disproportionate compared to other soft tissue injuries. Age and previous injury are supported in the litera-
ture as risk factors for hamstring injury; nonetheless, debate exists regarding modifiable risk factors. Resto-
ration of peak torque length using lengthening eccentrics and core stability interventions appear to reduce
incidence of re-injury. The purpose of this clinical commentary is to review examination techniques and
rehabilitation considerations in order to identify important risk factors to reduce recurrence after ham-
string strain and total rupture.

Discussion/Relation to Clinical Practice: Novel clinical examination techniques both at time of acute
injury and prior to return to sport may provide valuable prognostic information. Restoration of core stabil-
ity, neuromuscular control and lengthening eccentric hamstring interventions are proposed key compo-
nents to reduce hamstring re-injury.
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INTRODUCTION

Hamstring strain injuries (HSI) are among the most
common injuries in the active population, and are
notorious for their high rates of re-injury. In the
American National Football League for example, HSIs
have been reported to account for 12%! of all primary
injuries, and their recurrence rate is remarkable, at
32%.? They are the most common injury reported
in professional soccer and account for 29% of track
and field injuries in sprinters.® Additionally, HSIs are
reported with high frequency in sports that require
sprinting, kicking, acceleration, and change of direc-
tion including rugby,* and Australian Rules Football.®
The average amount of time missed from sport is 18
days, however, actual time missed is often greater
and costly.” Several authors have identified that the
best predictor for a hamstring injury is a prior ham-
string injury.®*® There are other risk factors involved
in predicting vulnerability to hamstring injury, but
none have proven more consistent than prior injury.
This is not to say that if one suffers a hamstring
injury they will definitively suffer another. However,
the probability of re-injuring the same hamstring in
the future becomes considerably higher.>*5%

Recurrence rates following hamstring injuries are high
with the greatest incidence for re-injury occurring
within the first two weeks after return to sport.>'!?
Increased recurrence rates within this timeframe may
indicate continued impairments and functional limi-
tations not be easily identified with traditional return
to sport testing.”'*!* Many non-modifiable and modifi-
able risk factors for recurrent hamstring injuries exist
including, but not limited to; previous injury,>®'*16
increasing age,>” %7 ethnicity,*”"” strength imbal-
ances,**** inflexibility,*% and fatigue.**%

Researchers have determined that the most consis-
tent non-modifiable factors for hamstring strains are
age and the history of a prior hamstring injury.®*
%28 Modifiable factors include hamstring weakness,
fatigue, decreased flexibility and quadriceps and
hamstring muscular imbalance.*® Additional factors
for the predisposition toward HSI include limited
quadriceps flexibility and deficient strength and
coordination of pelvic and trunk muscles.?*°

HSI can occur in either a high speed state where the
muscle is overstrained or in a slow speed state where
the muscle is overstretched.**The two mechanisms

of injury contrast one another and generally occur
in different locations. The most common mecha-
nism of injury to the hamstring is during sprinting
and is believed to occur during the terminal swing
phase of the gait cycle.?'** Biomechanically, during
the second half of the swing phase, the hamstrings
are actively lengthening (eccentrically contracting)
and absorbing energy from the decelerating limb to
prepare for ground contact.*** The biceps femoris
is required to contract forcefully while lengthening
to decelerate the extending knee and flexing hip.*
At this point, the biceps femoris is placed under the
greatest amount of stretch compared to the medial
hamstring reaching almost 110%3® of its length pres-
ent during upright standing. Terminal swing is a
particularly vulnerable position for bicep femoris
injury due to it's high activation in a lengthened
state.?” HSIs that occur during slow movements such
as dancing or stretching involve simultaneous hip
flexion and knee extension placing the hamstrings
in an extremely lengthened position.*® The proximal
semimembranosus is normally implicated in this
condition.?** Although this mechanism of injury is
often less painful at onset, it tends to require a longer
recovery period than a HSI incurred in a high speed
state.®*! Despite a difference in recovery time and
mechanism of injury, the rehabilitation process typi-
cally remains the same. Further research is needed
to determine if alternative approaches should be
employed for each mechanism, in order to improve
outcomes.The purpose of this clinical commentary
is to discuss risk factors associated with hamstring
injuries and to identity effective treatment strategies
and methods to assess readiness to return to sport,
in order to avoid recurrence.

ANATOMY

The hamstrings are comprised of three muscles,
located on the posterior thigh. The biceps femoris,
semimembranosus, and semitendinosus are two-
joint muscles that function to extend the hip and
flex the knee. They share a common origin at the
ischial tuberosity but have distinct insertion sites.
The semimembranosus and semitendinosus insert
on the proximal tibia and therefore have the capac-
ity to internally rotate the distal leg. The biceps fem-
oris, which has a short head (single joint muscle)
originating at the posterolateral shaft of the femur,
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converges with the long head and inserts on the head
of the fibula. The biceps femoris portion of the ham-
strings is able to externally rotate the distal leg. The
most frequently injured muscle of the hamstring
group is the largest of the three muscles, the biceps
femoris. It is important to note that the two heads of
the biceps femoris have different innervations, and
this has been identified as a possible contributor to
injury.?” The semitendinosus, semimembranosus
and long head of the biceps femoris receive their
innervation from the tibial nerve (L5, S1, S2),” while
the short head of the biceps femoris is innervated by
the common fibular nerve (L5, S1, S2).”

Clinical Examination

Magnetic resonance imaging (MRI) and ultrasonogra-
phy (US) are commonly used to assess tissue integrity
after HSI with moderate to strong diagnostic and prog-
nostic values.*** In recent years, US has been advo-
cated due to lesser cost and increased availability.*
Connell, et al demonstrated equal versatility compar-
ing both MRI and US in professional Australian Rules
Football for identifying acute hamstring injuries, how-
ever, as healing progresses, its sensitivity in detecting
injury decreases.”” Their analysis did demonstrate that
the longitudinal length of the hamstring tear was cor-
related with recovery and return to sport. Contrary
to this finding, Petersen did not find any correlation
between the length of injury and severity indicating
that US alone does not provide significant prognostic
value with regard to return to sport.*®

Athorough historyisthe hallmark ofhamstringinjury
evaluation and provides the clinician valuable infor-
mation for both diagnostic and prognostic decisions.
A mechanism of injury is almost always reported
and typically occurs during high velocity contrac-
tions and/or excessive stretching.>**® The majority
of injuries are due to the former occurring during
participation in sports that require quick changes of
direction and explosive maneuvers.*® Incidence of
hamstring injuries may be higher towards the end
of contests due to muscle fatigue, however this sup-
position has not been substantiated.*”*>%

A clinical exam consists of palpation, resistance,
and mobility testing in order to provide the prac-
titioner valuable information regarding the site of
injury and prognostic information regarding return

to sport. Following hamstring injury, athletes often
demonstrate an altered gait pattern as well as local-
ized tenderness, pain with resisted movement (knee
flexion and hip extension), and pain with passive
knee extension.”'**** Impairments in mobility and
strength following initial injury indicate a greater
degree of damage and potential delay in returning
to activity.!'*®%% Warren determined that athletes
requiring greater than one day to ambulate without
pain are more likely to take longer than 3 weeks to
return to sport.” Additionally, Malliaropoulos et al
correlated a greater reduction in knee active range
of motion (ROM) with longer delay in return to
activity.'? Within this study, a clinically-based clas-
sification system (Table 1) was found to provide an
effective clinical tool to assess risk of re-injury and
return to play time, with Grade 1T injuries having the
great risk for recurrence (24%) followed by Grade I
(9.3%)."* This however may have been partly due to
a shorter return to play timeframe with moderate
soft tissue disruption with grade IT injuries. Scheider-
Kolsky et al also found a correlation between results
from clinical clinical testing and delayed return to
play time in athletes with mobility and strength defi-
cits further supporting the value of the clinical exam
for prognostic decision making.>°

Utilization of palpation, mobility, and/or resistance
testing to diagnose hamstring strain has been sug-
gested in the literature, however diagnostic accu-
racy has not been validated.®® In a recent systematic
review, Reiman et al, found few studies assessing
psychometric properties of special tests used to diag-
nosis HSI.*? Their results found limitations in the
diagnostic accuracy of for both single and compos-
ite special testing and recommend using a battery
of tests to improve assessment and rule out other

Table 1. Classification for Acute Hamstring Strains with

Recovery Time*

Clinical Grade AROM Deficit (Compared | Return to Sport, days
to uninvolved limb)

[ <10° 6.9

11 10°-19° 11.7

111 20°-29° 254

v >30° 55.0

* Table adapted from Malliaropoulos, 2011
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potential pain generators. As mentioned previously,
the prognostic ability of these tests may be useful in
predicting return to play time planning strategies for
rehab.!%%0

RANGE OF MOTION

The hamstrings are biarticular muscles, therefore,
range of motion measurements and testing should
be conducted taking both the hip and knee joints
into account. This screen will normally take place
post-injury, so it is important to note that the extent
of available motion may be limited by discomfort,
stiffness, or pain leading to a deficient measurement.
For this reason, testing should be done bilaterally.

e Passive Straight Leg Raise Test****: The patient
is positioned in supine with the clinician stand-
ing on the test side. The lower extremity is held
in knee extension and the hip passively flexed
until restriction occurs or the patient reports
tension. Attention must also be paid to the con-
tralateral limb for hip or knee flexion as com-
pensation to achieve greater hip flexion on the
test side. The normal range for hip flexion with
the knee extended is 80°-140°.* A measurement
of'less than 80° is considered deficient.>

e Active Knee Extension Test**!%: The patient is
positioned in supine with the clinician standing
on the test side. The test side lower extremity
is then passively flexed at the hip to 90° with
the knee flexed. The patient is then asked to
actively extend the knee to end range. Once
the knee meets restriction, this measurement
should be taken at the knee as this would be a
true reflection of hamstring length. The knee
should be able to extend to at least 20°.%°

PALPATION

The ability to discern differences in muscle tissue
aids in making a proper diagnosis of this injury.
Although not every patient with a HSI will present
with a palpable defect in the muscle, tenderness,
fullness/tension, and pain to the touch should also
be documented®.

e Hamstrings: In order to help locate the different
muscles in the group, light resisted knee flexion
with the patient in prone can be performed. Be

mindful that this may be painful for the patient.
Once muscles have been identified, palpation
should begin distally and work toward the proxi-
mal attachment. This will allow for the clinician
to feel consistency along the muscle fibers mak-
ing it easier to identify a defect. If the defect is
distal, the clinician should notice an immediate
to early change in consistency or the patient’s
report of pain during palpation.

The location and severity of pain with palpation
about the ischial tuberosity can give information
about the length of the recovery period.*® The more
distal pain is located from the ischial tuberosity, the
better the prognosis.®

STRENGTH TESTING

Isometric muscle testing should be conducted as
part of a HSI examination to establish a baseline post-
injury measurement. These tests should be carried
out bilaterally to gauge deficiencies between limbs.
Due to the bi-articular anatomy, testing should be
conducted in multiple test positions to account for
changes that arise with hip and knee movement.*

e Knee Flexion: Patient should be positioned in
the prone position with the hip in 0° of exten-
sion. While stabilizing the hip, the clinician’s
opposite hand should be placed just proximal to
the medial and lateral malleoli on the posterior
shaft of the tibia. Knee flexion should then be
resisted at both 15° and 90°.* By internally or
externally rotating the tibia, bias can be applied
to the medial or lateral hamstrings.”

e Single Leg Hamstring Bridge: This activity is
performed with the injured limb propped on
a 60 cm surface at 20° knee flexion, (plyo box,
chair, exercise ball) while the unaffected limb is
held in the air.*” The pelvis is then lifted off the
ground in the motion of a bridge. This places
demand directly on the hamstring to contract to
support the body during the bridge. The pelvis
is then returned to the floor to complete the rep-
etition. A single leg hamstring bridge to assess
functional strength of the hamstring group has
been proposed in the literature as a reliable
measure to predict strength deficits associated
with future HSL.?>*7 (Figure 1)
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Figure 1. Single leg bridge — Described by Freckleton,” the
athlete performs single leg bridge on a 60cm box with knee in
20° flexion until failure.

NEURAL TENSION TESTING

Testing to clear the sciatic nerve should be conducted
as symptoms of a neural origin can cause posterior
thigh pain. Neural tension can be present for patients
who present with posterior thigh pain without a mech-
anism of injury.*® Neural tension is tested through the
implementation of a slump test. The reproduction
of symptoms from a positive slump test indicates a
more proximal cause for the posterior thigh pain.**®
Increased neural tension due to residual inflamma-
tion and scar tissue from recurrent hamstring injuries
can affect normal sciatic nerve mobility.*

e Slump Test: The patient should be positioned
in sitting with legs dangling off the edge of the
plinth, and asked to place their hands behind
their back in internal rotation. The patient is
then passively brought into neck and trunk
flexion to their perceived limit. The clinician
instructs the patient extend the knee and pas-
sively dorsiflex the foot. If pain presents in the
posterior thigh, have the patient extend the
neck. If pain then alleviates, the test is positive
for neural tension.

PRINCIPLES OF REHAB

Non-Operative Treatment

If clinical testing is consistent with a HSI, manage-
ment to address impairments and risk factors is
warranted. The main goal of physical therapy for
a hamstring strain injury is to return the athlete to

sport at the prior level of function, without pain, and
with nominal risk of re-injury.*® Recurrence is of
serious concern particularly within the first 2 weeks
returning to sports.®® As mentioned earlier, many
factors of HSI and recovery have been found to
contribute to the rate of re-injury." Persistent weak-
ness in the injured muscle, reduced extensibility of
the tissue due to residual scar tissue and adaptive
changes in the biomechanics and motor patterns of
sporting movements following the original injury
should be addressed."

Due to the fact that HSIs commonly occur during
eccentric contraction of the muscle, rehabilitation
involving eccentric strength training of the ham-
strings has been encouraged. Several researchers
have suggested residual scar tissue present at the
muscle attachment site contributes to a shorter opti-
mum length for active tension than in the previously
injured muscle.®®* This is due to scar tissue that less
extensible than the contractile tissue of the ham-
string musculature and may alter the biomechani-
cal function of the muscle by decreasing the peak
musculotendon length.?® Eccentric strength training
has been shown to assist in shifting the peak force
development to longer musculotendon lengths, thus
reducing the risk of re-injury.®® Another concept
proposed to be relevant for non-operative treatment
of HSIs is to promote increased coordination of the
lumbopelvic region. By doing this, it allows the
hamstrings to function at safe lengths during sports
motions, thus reducing the risk of re-injury.* These
theories have been supported by recent research
and appear to show the most promise with regard to
quicker return (within two weeks) to sport and pre-
vention of recurrent injury.*>*® Optimal treatment
parameters that are evidence based do not exist,
therefore, this clinical commentary provides recom-
mendations based upon available information.

THERAPEUTIC DRY NEEDLING

A fairly recent addition to physical therapy inter-
vention is therapeutic dry needling. Dry needling
involves the application of a fine filiform needle to
soft tissues to treat intramuscular trigger points.**
Intramuscular needling mechanically disrupts taut
bands of muscle tissue found in areas of muscu-
lar dysfunction, allowing for normalized tone via
decreases in both pain and muscle tension.%% Dry
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needling of trigger points in areas of pain and dys-
function are commonly associated with reduced
local and referred pain, improved range of motion
(ROM) and decreased trigger point irritability both
locally and remotely.”” Dry needling is best used
as an adjunct to other methods of treatment to aid
in decreasing dysfunction in the muscle tissue and
improving function. In the case of a hamstring
injury, disruption of dysfunctional tissue to improve
flexibility and ROM can strongly aid in a shortened
return to sport as evidenced in recent case study
reports.®% Further high quality studies are needed
to control variables and determine efficacy with
regard to long-term outcomes in patients who have
sustained HSI.

REHAB PROGRESSION

Non-Operative

Rehabilitation of a HSI is broken down into three
phases with goals and progression criteria for
advancement and return to sport.*® (Appendix A)
Phase one focuses on minimizing pain and edema
while protecting the healing area, especially directly
following insult.®® Low intensity, pain-free activity
encompassing the entire leg and core region are ini-
tiated through the pain free range in order to reduce
atrophy and increase neuromuscular control of lum-
bopelvic stablizers.* Range of motion and intensity
of the interventions as well as eccentric strengthen-
ing are progressed according to the patient’s toler-
ance and transition into phase two of rehabilitation.*
Phase three integrates return to sport activity with
more sport specific treatment interventions through
the full, pain free ROM.* At this point the patient
should be ready to begin assimilating back into their
sport without restriction.

Providing a patient with a precise prediction of when
they can return to sport is challenging. Prognoses
are generally given in ranges to account for varia-
tion in individual responses to treatment. However,
with the highly variable nature of a hamstring strain
injury between individuals, ranges tend to be wider,
dependent on severity of the injury. Following an
optimal physical therapy regiment, return to activ-
ity timeframes range from; 1-3 weeks (Grade I); 4-8
weeks (Grade II); and 3-6 months (Grade III).*°

OPERATIVE MANAGEMENT

While the majority of hamstring injuries are treated
conservatively, severe hamstring disruptions war-
rant a surgical approach.”®”? Hamstring injuries with
a tear and/or avulsion occur 12% of the time with
9% resulting from complete rupture of the proxi-
mal origin, often due to a violent eccentric load.””®
Although hamstring avulsions have been reported in
various sports, most occur while water skiing.” The
most common site of rupture occurs at the proximal
attachment on the ischial tuberosity and are almost
exclusively treated surgically with good outcomes
reported in the literature.””’® A positive bowstring
sign is typically seen whereby no tension is palpated
in the distal hamstring tendon with knee actively
flexed at 90°; a prominent finding indicating disrup-
tion of the hamstring.”? Operative management is
advocated for 1) Avulsions with 2 cm retraction, 2)
Complete tears of all three hamstring tendons with
or without retraction, and 3) Partial tears that do not
respond to conservative management.*>”*% Without
surgical correction, prolonged weakness, neurologic
symptoms, and resultant functional impairments
often limit long-term outcomes.**”®

Excellent surgical outcomes have been reported fol-
lowing a hamstring avulsion with greater than 80%
returning to pre-injury level of sport.”>® 8 Harris et
al found significantly better subjective outcomes,
return to pre-injury level of sport, and greater
strength/endurance in a surgical versus non-surgical
approach following hamstring avulsion/rupture.®
While outcomes improve after operative interven-
tion regardless of when surgery is performed, signif-
icantly better results were found after acute repairs
(within 4 weeks) compared to chronic repairs.* Bar-
nett et al also reported better outcomes with acute
repair; however no significant correlation between
time to repair, type of injury (complete or partial
tear), and functional outcomes were noted after a
2-yr follow up.”

PRINCIPLES OF REHAB

Operative Management

Immediate goals following surgery of the hamstring
complex are protection and facilitation of soft tis-
sue healing. Protected weight bearing with use of
crutches for 6-8 weeks is recommended and patients
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are instructed to avoid deep hip flexion positions to
avoid excessive strain through healing tissue. Gener-
ally, no bracing is required, however if surgery is
performed beyond 5 weeks from injury it may be
warranted.” Patients are instructed to avoid striding
beyond the contralateral limb during gait and ambu-
lation and to maintain a pain-free range.

A conservative home exercise program to avoid ST
atrophy and development of deep vein thrombo-
sis (DVT) is utilized with formal physical therapy
beginning approximately two weeks post-op. The
initial phase of rehabilitation focuses on conserva-
tive mobility and muscle activation including both
hip and lumbopelvic stabilizers. Pain-free, submaxi-
mal isometric exercise of the hamstring complex,
progressive weight bearing, and neuromuscular con-
trol in functional positions are hallmarks of the ini-
tial rehabilitation phase. Progressive strengthening,
neuromuscular stability, and balance activities are
advanced through intermediate stages based on soft
tissue healing guidelines with a focus on continued
protection. Isolated hamstring strengthening exer-
cises may begin at 5-6 weeks following surgery, if
the patient is pain-free with resistance. At this time,
the patient’s gait should normalize and use of visual
cueing is encouraged to facilitate correct movement
patterns. Functional stages of rehab focus on single
leg stability and neuromuscular balance in order to
restore pre-injury levels of strength and correction
of risk factors for re-current injury. Sport-specific
interventions focusing on eccentric strength, high
load, and eventually speed-oriented drills are imple-
mented to prepare the athlete for return to partici-
pation. Objective outcome testing is used to ensure
a safe return to activity and mitigating risk for re-
injury and will be discussed.?*®

OPERATIVE REHAB PROGRESSION

Phase I (0-4 weeks)

Protection and soft-tissue healing are hallmarks of
this stage in rehabilitation.® Isometric activation of
gluteal muscles, transversus abdominis, and gentle
hamstring contractions are recommended during
the first week following surgery.® Hamstring acti-
vation at approximately 30-45° can be performed to
prevent unnecessary inhibition.? Standing balance
exercise with the knee flexed and aquatic exercises

can be implemented in weeks 2-3 respectively to
facilitate activation and functional mobility. Soft tis-
sue mobilizations to improve scar mobility can be
implemented in rehab and at home to facilitate heal-
ing and prevent formation of adhesions. Active ROM
against gravity in a protected range is performed
in either a standing or prone position pain-free to
ensure functional hamstring activation facilitate
normal gait patterns. (Figure 2). Criteria to advance
to the next stage include hip flexion ROM greater
than 70° with 90° of knee flexion.

Phase II (5-8 weeks)

Once the patient has achieved greater than 70° of
knee motion, biking with low resistance and high
seat position can be utilized to begin mobility and
endurance work. Normalization of gait should be
achieved within the first two weeks of this stage.
Lumbopelvic stabilization, single leg balance, and
neuromuscular control activities can be advanced
including initiation of bridging, as well as progres-
sion from double to single leg positions. (Figures 3
and 4) Isolated hamstring strengthening avoiding
end range positions can be performed if pain-free.

Figure 2. Standing hamstring curl
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Figure 4. Single leg dead lift

Pelvic bracing through activation of lumbopelvic sta-
bilizers during hamstring strengthening should be
utilized to ensure appropriate hamstring length and
activation. Criteria to advance to Phase III include
normalization of gait, less than 20% difference in
hamstring mobility with active knee extension test
and greater than 50% isometric hamstring strength
compared to uninvolved limb with dynamometry
measures.

Phase III (8-12 weeks)

Eccentric hamstring strengthening in a position of
increased muscle length and lumbopelvic stability
progression are main components of Phase III. Fol-
lowing injury, optimal peak torque values have a
tendency to shift towards shorter muscle lengths.
Brockett et al compared injured to uninjured ham-
strings using isokinetic testing and found torque

peaked at shorter muscle lengths.® This shift in peak
torque towards a shorted position may predispose the
hamstring to injury during eccentric and lengthening
movements inherent in sport. Schmitt et al described
a strength test position with the hamstring in a maxi-
mally lengthened position of full hip flexion and
knee extension.® While this test has not been vali-
dated, it does provide a novel way to assess hamstring
strength in a fully lengthened position. Isolated ham-
string strengthening in a lengthened state seems to
be an important consideration in this stage in order to
restore length specific eccentric loading capacity lim-
iting injury recurrence. Askling et al demonstrated a
significantly quicker return to sport (49 vs 86 days)
utilizing a lengthening compared to conventional
rehabilitation protocol in both Swedish football and
track athletes utilizing the same protocol.**®” Only
one re-injury and two re-injuries respectively were
reported in this study, both of whom completed the
conventional (non-lengthened exercise position) pro-
gram.**® These outcomes suggest that an emphasis
be placed on lengthening exercises that may lessen
return to sport time and prevent a re-injury. Length-
ening exercises such as single leg dead lifts, retro
slides (Figure 5), and single leg hamstring curls in
a lengthened position with bridge is beneficial in
restoring the hamstring loading capacity in a length-
ened state common in athletic movements (Figure 6).

Lumbopelvic stability is also an important consider-
ation during the rehabilitation process.* Sherry, et al

Figure 5. Retro slides
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Figure 6. Hamstring curl in lengthened range — Athlete per-
forms hamstring curl at end range using slider and resistance
band.

completed a randomized controlled trial investigat-
ing a lumbopelvic and agility program compared to
a conventional program consisting of ice, stretching
and strengthening.®® The athletes’ who participated
in the core stability program significantly reduced
both the time to return to sport (22.2 vs 37.4 days)
and re-injury rates two weeks and 12 months follow-
ing injury compared to athletes’ in the conventional
program. Compared to the Askling study mentioned
previously, these time frames are markedly shorter,
however this may be due to the difference in athletic
level (recreational versus elite) between the two stud-
ies.*” Employing lumbopelvic stability interventions
theoretically enhances the length tension capacity of
the hamstring muscle group by stabilizing proximal
attachments and avoids unnecessary tension in the
early phases of rehab that may limit tissue healing.*
Single leg windmills (Figure 7) can be utilized to
simultaneously enhance stability of both hamstring
and lumbopelvic muscles. Addition of rotational
movements and single leg positions to hamstring
lengthening exercise challenges both lumbopelvic
stability and eccentric loading. Standard planks can
be progressed to single leg positions that enhance
unilateral and rotational stability. Single leg planks
(The Bunkie Test) have been described in the litera-
ture as both and intervention and advanced measure
of functional stability (Figure 8).%® A case study has
correlated this test with quantitative and a qualita-
tive strength measures, however future research is
required to determine reliability and validity of this
test.? Jumping and landing tasks to correct compen-

Figure 7. Single leg windmills

Figure 8. Single leg planks — The “Bunkie” test utilizes 5 sin-
gle leg plank testing positions performed bilaterally with the
goal to reach 40s for endurance athletes.®

satory patterns and introduce rapid hamstring activa-
tion should be utilized to prepare the tissue for the
demands of jogging and sport-specific activity. Con-
sidering the dual innervation of the biceps femoris,
rapid movements, such as speed kick-backs (Figure
9) and foot catches (Figure 10) should be considered
to train muscle activation at a higher velocity specific
to sport.
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Figure 9. Rapid kickbacks — Athlete uses a free motion tread-
mill to rapidly kick back in a running motion. Emphasis is
placed on quick turn over.

Figure 10. Foot catches - Described by Worrell' and Sherry®,
the athlete stands with the involved leg in extended position.
The athlete is able to touch the wall for balance and rapidly
contracts the quadriceps in order ‘catch” the foot using eccen-
tric hamstring contraction.

If the clinical exam demonstrates no signs of linger-
ing HSI, high-speed dynamic testing can be used to
assess the muscle’s response to quick lengthening
movements. One such test described by Askling and
colleagues has been proposed.®® The H-test utilizes
a rapid active straight leg raise of the involved limb
while the pelvis and opposite leg is stabilized. (Fig-
ure 11) Three trials are performed with the athlete
grading the subjectively reported level of insecurity
on a 0-100 scale. If any insecurity is reported by the

N =8 i :

Figure 11. H-test described by Askling39, the athlete is
instructed to perform a rapid SLR for 3 trials.

athlete, the rehabilitation program is extended and
testing is performed every 3-5 days until no insecu-
rity is reported. The H-test has been shown to have
good reliability and construct validity, however its
prognostic value to for HSI recurrence has not been
reported.*® Although limited evidence exists for this
test, it does help extend rehabilitation time for those
athletes that appear normal with clinical testing, but
demonstrate impairments with high velocity move-
ments. Considering the high recurrence rate of HSI,
this may be a useful tool for the healthcare providers
to lessen the risk of premature return to sport. Cri-
teria to advance into sport include a normal clinical
exam, active knee extension less than 10° in supine
testing position, less than 10% limb symmetry dif-
ference with isokinetic and functional testing, and
no insecurity (0/100) on the H-test.

CONCLUSION

Hamstring injuries and recurrence continue to chal-
lenge healthcare professionals and athletes. Both
non-modifiable and modifiable risk factors have been
reported in the literature, however high quality stud-
ies are needed to identify important modifiable risk
factors and preventative programs aimed at reducing
recurrence.*?” Rehabilitation programs focused on
eccentric loading in a lengthened position and lum-
bopelvic stability demonstrate effective strategies in
reducing recurrence after injury.****#% Dynamic
and functional testing techniques may be useful
in predicting return to injury time and identifying
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impairment when clinical exam appears normal.'?
Further research is warranted to identify effective
preventative interventions, prognostic indicators,
and comprehensive return to sport criteria that could
be used to reduce high rates of HSI recurrence.
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Appendix A. Rehab Progression for Hamstring Injuries.

Non-operative Progression*

Operative Progression*

Phase |
Goals: Minimize pain and edema, scar
development protection, minimize atrophy.

Precautions: End range stretching
Suggested interventions:

Tissue mobilization

Light stretching

Core activation and strengthening
Light strengthening activities

Criteria to advance to Phase II:
e Normal pain free walking stride and
high knee marching
e Pain free isometric contraction against
submaximal contraction
e Pain free low speed jog

Phase I (0-4 wks)
Goals: Protection, soft tissue healing

Precautions: Avoid deep hip flexion and
combined hip flexion and knee extension
movements

Suggested interventions:

Criteria to advance to Phase II:

Gluteal/abdominal activation,
Standing balance with knee flexed
Gentle hamstring activation at 30-45°
knee flexion — avoid lengthened
position

Scar mobilization

Begin aquatics after 2 wks (gait
training, control leg movements)

Hip flexion active range of motion >
70° with 90° of knee flexion

Pain free gait with use of assistive
devices

Phase I1:

Goals: Increase neuromuscular control of trunk
and pelvis, increase pain free hamstring
flexibility

Precautions: Early progression

Suggested interventions:
e Eccentric hamstring strengthening
e Hip and core progression
e Moderate resistance training

Criteria to progress to Phase III:
e Pain free prone knee flexion test
e Pain free moderate forward and
backward jog

Phase II (5-12 wks)
Goals: Protected strengthening.
balance/stability progression

Precautions: Avoid eccentric load in
lengthened position, no dynamic stretching

Suggested interventions:

Criteria to progress to Phase III:

Low resistance biking

Hip and core strength progression
Begin bridging (progress to single leg)
Hamstring strengthening in shortened
range (progress to moderate velocity
movements)

Normalization of gait

<20% difference in hamstring mobility
>50% isometric hamstring strength
compared to uninvolved limb at 90°
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Appendix A. (Continued)

Phase 11

Goals: Asymptomatic with all activities,
normal strength through full ROM, combine
postural control and sports specific motions.

Precautions: Premature return to sport

Suggested Interventions:

e Running
Jumping
Cutting
Hamstring strengthening
Core strengthening
Sport specific activity

Criteria for progression to Phase IV:
e Full strength without pain
e Full pain free ROM
e Pain free sport specific activities

Phase III (12wks — 16wks):
Goals: Eccentric and lengthen loading, slowly
increase velocity of exercise

Precautions: No provocation of symptoms
with exercise

Suggested Interventions:

e Hamstring strengthening — Work into
lengthened positions and higher
velocity movements (Single leg dead
lift, retro lunge, bridges on ustable
surface, standing foot catches without
resistance, Nordic hamstring curls).

e Initiative walk/jog progression, avoid
explosive cutting and sprinting

e Hip and core strength progression (add
rotational and unstable surfaces)

Criteria to progress to Phase IV:

e Normal movement patterns and no
provocation with moderate speed
exercise

e >75% isometric hamstring strength
compared to uninvolved limb

Phase IV: Return to sport, maintenance and
prevention

Goals: Sports specific and rapid movements,
correct modifiable risk factors

Precautions: No provocation with training
Suggested interventions:

e Hamstring strengthening: High velocity
and eccentric loading in lengthened
position (weighted single leg deadlifts,
windmills, single leg bridge with
slider/ball, Nordic hamstring curls)

e Agility and explosive movements
(Resisted foot catches, kickbacks,
sport-specific movements)

e Running and sprint training

e Hip and core strength progression (add
rotational and unstable surfaces)

Phase IV (4-6 mths):

Follow non-op Phase IV recommendations

Return to Sport Criteria
e No palpable tenderness

Active knee extension <10 degrees

No insecurity (0/100) with H-test

5/5 MMT at 15 degrees knee flexion (Neutral, Tibia ER and IR)

<10% Isokinetic hamstring strength compared to uninvolved side (60° and 240°/sec)
<10% with functional testing (i.e hopping, single leg bridge, etc)

tissue healing guidelines.

*Non-operative timeframes based on criterion, operative timeframes based on criterion and soft
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